out concomitant changes in muscular tone.
In contrast, active vasomotion would be marked by discordant changes in pulmonary blood volume and transmural pressure, i.e., they would vary in opposite directions. Thus, active vasoconstriction could be inferred from a decrease in pulmonary blood volume and an increase in distending pressure, whereas active vasodilatPon would be evidenced by an increase in pulmonary blood volume in the face of a decreased distending pressure.
In this study, changes induced in pulmonary blood volume were correlated with simultaneous changes in pulmoiiary distending pressure to deduce active or passive mechanisms in the pulmonary circuit.
Clinical Material and Methods
Forty patients with significant mitral valve disease and four patients with mild aortic valve disease were studied by simultaneous right heart and transseptal left atrial catheterization. Four of the 40 patients with mitral valve disease had mild, 15 moderate, and 21 severe disease as de- termined by clinical and hemodynamic studies, together with the operative findings in some cases. Nine of the severe group had been in cardiac failure, and three still showed evidence of this condition at the time of study. Atrial fibrillation was the established rhythm in 13 patients.
The method for cardiac catheterization, derivatiolr. of data therefrom, and the technic and apparatus used for recording indicator-dilution curves in this laboratory have been detailed in previous papers.6-7 Transseptal left atrial catheterization was performed via the ri-ht siphen-ull vein, as described by Ross and associates.8 The zero level for right heart pressure was taken 6.5 cm. below the sternal angle; for left heart pressure, 8.5 cm. below the sternal angle.
OAK9AEY ET AI. The cardiac output determined in a series of 44 patients by rapidly successihe injections of Cardio- green, into the pulmonary (PA) and left atrium (LA) . The Procedure Imiimediatelv after control measurements of cardiac output by indicator-dilution curves, pulmiionary arterial, svstemic arterial, and simultaneous pulnionary wedge and left atrial pressures were recorded. After obtaining the control data, the effects of soniie physiologic maneuver or pharmacologic agent on PBV and PD were again mieasured.
The studies performed were as follows: 1. Exercise. Five patients were exercised using the left foot to pedal a. bicycle ergonyieter; the studies wer e done between the fifth and ninith minutes of exercise.
9. Rapid Intra venous Infusion. Dextran (three patients) or isotonic saline (one patient) was rapidly infused throug,h the intracardiac catheter in amounts of 600 to 1,300 ml.
3. Hexameth oniu m. Hexamethoniumll ion, 1 ing./ miiii.. was given through the intracardiae catheter to two patients until a definite drop in the systemuie and pulmonary pressures had been achieved. The total dose varied between 6 and 20 mg.
4. Vasorayal Reactions. Vasovagal reactions were complieations of the procedure in two patients. Each of these patients was studied before the reactionl was telrmlinated by head-down tilting and adaiiiiistratioii of atropine, 1 in., through the intracardiae catheter. 7. Methoxamine (Vasoxyl). Methoxamine in the amount of 0.1 to 0.4 mg./Kg. was given to three patients. As the effect of this a-gent lasts longer than that of angiotensin, it was given through the intracardiae catheter over a period of about 10 to 20 minutes until it brought about a hypertensive response similar to that obtained from angiotensin infusion.
8. Acetylcholine. This agent was administered by constant infusion in the amount of 0.03 to 0.08 mg./Kg./min. into the pulmonary artery of five patients. The amount given was sufficient to lower the pulmonary arterial mean pressure without causing wheezing, coughing, or a significant drop in systemic pressure.
Results
The changes of the PBV and other parameters during the control and study periods are summarized in tables 1 to 5. In the 44 patients, PBV at rest ranged from 122 to 455 ml./M.2 with a mean of 283 ml./M.2 (table 6 ).
The standard deviation on duplicate determinations of PBV in 12 patients was 14. cular resistance showed no change in three patients but rose significantly in one patient.
The effects of systemic vasodilation following hexamethonium administration or during vasovagal reactions in four patients were manifested by a uniform fall in systemic pressure, LAm, PAm, PBV and CI. As shown in figure 5 , there was a concordant fall in both PD and PBV. Pulmonary vascular resistance changed variably, rising in two and falling slightly in the other two.
During the period of acute hypoxia there was a uniform increase in both PAm and PD associated with little or no change in LAm. The PBV either decreased or remained unchanged ( fig. 6 ). The pulmonary vascular resistance, however, inereased significantly in three of five patients.
Angiotensin caused a significant fall in PBV in six patients but no significant change in the remaining four. There was a uniform increase in PD in all patients, although the magnitude of the rise was rather small in two ( fig. 7) . Pulmonary vascular resistance, however, did not alter appreciably in four patients, rose in five, and fell in one. In contrast to angiotensin, methoxamine caused an increase in PBV associated with an inerease in PAm and PD. Pulmonary vascular resistance increased in one of three patients.
In each patient there was an increase in PBV associated with a decrease in PD during acetylcholine infusion ( fig. 8) PAm + LAm (mmHq) 2 
Figure 7
The effects of angiotenstn on PBV and PD. The decrease in PBV despite an increase in PD sUggests active pPulmonary vasoconstriction.
Uneven blood flow through the lungs may produce changes in both the mean circulation time and the cardiac output as determined by the indicator-dilution technic. Thus, an indicator injected into the pulmonary artery that traverses areas of sluggish flow and arrives late at the sampling site will artifactually prolong the downslope and will thereby produce an erroneously large Tm and CBV, assuming cardiac output remains constant. If an indicator travels through even more sluggish areas of flow, it may not arrive at the sampling site until recirculation has begun. Since such an indicator is lost from the primary circulation, the area of the curve will be erroneously small, which will produce too high an estimated cardiac output and CBV. Although they did not measure pulmonary blood volume, they postulated that the pressure rise might be due to an increase in pulmonary blood volume as a result of ani increase in total blood volume. Seeond was methoxamine infusion. The mechanism of producing passive expansioni of the pulmlonary vascular bed writh this agent will be discussed in a subsequent section.
Third was exercise. Our data, which clearlv demonstrate a rise in CBV together with an increase in PBV during exercise, stronglv suggest that the increase in CBV noted bv Braunwald and Kelly20 is due to a redistribution of blood into the pulmoniary vascular bed.
It should be pointed out that during exercise the change in the intrathoracie pressure inay influence the transmural pressure, hence distending pressure, to a certain extent. It lhas been demonstrated that with exercise the mean-intrathoracie pressure in man becomes more negative.21 22 the pulmonary blood volume noted. However. in the patients of the present series, the rise in LAm and PAm pressures during exercise is mainly due to the presence of an obstructive lesion of the mitral valve, since an equivalent amount of exercise in normal subjects does not cause appreciable elevation of pressure in the pulmonary circuit. Thus, the rise in intravascular distending pressure observed in these patients, irrespective of the change in intrapleural pressure, was undoubtedly another important factor in increasing the pulmonary blood volume.
Passive narrowing, manifested by a concordant fall in both PBV and PD, was observed after administration of hexamethonium and during vasovagal reactions and is attributable to pooling of blood in the periphery with diminished venous return. Other workers have shown previously in animals that svstemic vasodilation leads to a decrease in PBV.23 These results explain the beneficial effect of ganglionic blockade in pulmonary edema. [24] [25] [26] The presence of active pulmonary vasoconstriction is evidenced by our results with acute hypoxia. There was a rise in PA,, and PD, associated with a decrease in PBV. The LAAm was not affected by the intervention; therefore, its back pressure effects on the pulmonary circulation need not be considered. The increase in the pulmonary blood flow was relatively small and could not entirely account for the rise in pulmonary arterial pressure. Furthermore, it has been shown by other workers that during acute hypoxia the change in the intrathoracie pressure is minimal. 4 Changes induced in pulmonary blood volume by physiologic maneuvers and pharmacologic agents were correlated with changes in intravascular distending pressure to deduce active or passive vasomotion in the pulmonary circuit.
Exercise, rapid intravenous infusion or methoxamine were found to cause passive pulmonary vasodilation manifested by a concordant rise in both pulmonary blood volume and intravascular distending pressure. Hexamethonium or vasovagal reactions induced passive narrowing, reflected by simultaneous reduction in both pulmornary blood volume and distending pressure. During acute hypoxia or angiotensin infusion, active constriction of the pulmonary vascular bed was evidenced by an increase in distending pressure but a decrease or no change in the pulmonary blood volume. During acetylcholine infusion, active dilation of the pulmonary vascular bed was reflected by a decrease in distending pressure but an increase in the pulmonary blood volume. However, with a given intervention, the change in the calculated pulmonary vascular resistance was variable.
This study has demonstrated that the pulmonary blood vessels in unanesthetized man can be affected by both active and passive mechanisms and that changes in pulmonary vascular resistance cannot necessarily be equated with change in pulmonary vascular caliber.
